All the crosses were effected under controlled conditions. Parents and their hybrids grown in the field as well as those grown in the greenhouse were used for the study of morphology and microsporogenesis.
For meiotic studies the propiono-carmine smears (Swaminathan et al. 1954 and Magoon et al. 1958) were used.
Since the pachytene chromosomes in the material under study were found to be somewhat similar to those of tomato, straight line drawings were used for measuring length etc. as suggested by Barton (1950) , Gottschalk (1954) and Magoon et al. (1961) . For the sake of con venience, in comparing the chromosome sizes "Relative length" was used which represents the ratio in percentage of the length of the individual chromosome to that of the longest in the complement (Huziwara 1956 ).
Results

Chromosome morphology and pairing behaviour a) Species
Based on average values obtained by critical measurements in several nuclei at mid pachytene where all chromosomes could be traced from one to other, the ten pachytene bivalents of each species have been identified (Figs. 1 to 3) and arranged in the decreasing order of their length. Hence chromosome I was the longest and chromosome X was the shortest (Figs.  16a to g ). The total length, relative length, the centromeric position, the extent of Eu and heterochromatin and number and position of chromomeres have been taken into account in depicting the pachytene chromosomes of the species under study. The absolute values concerning average length, relative length and arm-ratio of the chromosomes are presented in Table 1 species wise. The chief diagnostic morphological characteristics of each of the ten pachytene chromosomes in the haploid complement are given below in ten All species under study show more or less similar staining behaviour of pachytene chromosomes.
In each pachytene chromosome it was possible to observe a distinctly translucent centromere followed by deeply stained chromatic regions adjacent to it on either side. Pachytene pairing in all the species was found to be complete along the entire length and is apparently normal. Analysis of the pairing properties of the differentially stained re gions indicated that synapsis starts from the proximal to the distal end. The separation of the split chromosomes starts from the distal to the proximal.
Ten bivalents were usually present both at diakinesis and M I. Chiasma frequency determined at these stages is presented in Table 3 . The later stages of meiosis were also normal accompained by high percentage of stainable pollen and good seed set.
b) Species hybrids
The comparative morphological characteristics of the parents and the hybrids are given in Table  4 for details). 
Discussion
It will be obvious from the results obtained in the present investigation and those already reported by Magoon et al. (1961) that the Sorghum material appears to be exceedingly suitable for pachytene analysis. In none of the species non-homologous pairing or stickiness was observed thereby removing this possible source of error. Further, centromeres are sharply definable in each of the pachyytene chromosomes in these species. However, conspicuous morphological land marks such as the presence of deeply staining knobs, were unfortunately not met with in the 20 chromosomes material studied and hence the identification of the individual chromosome was based on total length, relative length, centromeric position, amount and distribution of heterochromatin and number and position of chromomeres.
Considering all the available observations made so far on the morphology of the pachytene chromosomes in many crop plants, pachytene chromosomes may be broadly classified as differentiated and undifferentiated types (see review by Venkateswarlu 1962 However, unequal distribution of pycnotic regions could be clearly observed in some instance, for example, II chromosome in S. mellitum, S. bicolor and S. virgatum and IV chromosome in S. virgatum.
The data on the characteristics of the pachytene chromosomes being reported in the present study, though very informative is most rewarding when considered along with taxonomic criteria.
The cytological analysis of hybrids in recent years have been of great value in determining the homologies and consequently the probable relation ships and origin of many species. A knowledge of cytogenetic affinities between cultivated species and their wild relatives has proved to be useful in utilizing the desirable germ plasm in the most effective manner for the improvement of the cultivated species through hybridization.
The species of Sorghum belonging to the subsection Arundinacea show a striking simila rity in both number and morphology of chromosomes (Magoon et al. 1961 a, Magoon and Ramanna 1961 a and b, Magoon 1961 . Such studies have revealed the fact that majority of the Arundinancea Sorghum appear to be closely related with one another.
It must be emphasized, however, that structural differences (minute as well as patent), if any, may not be detectable by simply comparing the karyotypes of different species. Hence analysis of chromosome pairing especially at pachytene in the hybrids is very essential not only to detect such structural changes but will also be helpful in under standing the cytogenetical mechanisms underlying species differentiation among the morphologically identified species in the genus Sorghum.
This may be of immense value in planning hybridization programme.
It has been emphasized Stebbins (1947) and Magoon et al. (1962) that structural differences between the chromosomes could conceivally co-exist with a high degree of regular meiotic pairing if it is assumed that the chromosomes sets, concerned differ by a large number of small structural differences.
Such 'cryptic' structural differences may not be able to offer much hindrance to pairing between chromosomes concerned and meiosis would appear to be apparently normal. However, they may be able to effectively prevent the free exchange of genes located within or very close to such regions and thus lay the foundation for the differentiation of the taxa concerned into different species. Consequently the breeder may not be able to recover the recombinant types for which he plans the crosses. Sharma and Bhattacharjee (1957) reported marked differences in the somatic idiograms of several Eu-sorghum species studied by them and attri bute species differences as arising out of gross structural changes.
On the other hand, Magoon and Shambulingappa (1960) , Magoon and Ramanna (1960 a and b) and Magoon et al. (1961 b) have demonstrated that the karyo types of different species do not show much variation and therefore suggested that the species differentiation in the subsection Arundinacea of Eu-sorghums may be largely due to genic and cryptic or small structural changes. The study of species and their hybrids reported here confirm this view. Further, Sharma and Bhattacharjee (1957) have predicted highly irregular meiosis in the species hybrids of the subsection Arundinacea of Eu-sorghum on the basis of the marked karyotypic differences noted by them. On the contrary, remarkable regular meiosis, followed by normal pollen and seed fertility appears to characterize several species hybrids studied so far (Magoon and Shambulingappa 1962 a and b) . This has also been confirmed by other workers (see Kid 1956 , Laubscher 1945 , and Endrizzi 1957 . These ob servations would lead one to suspect that species differentiation may be perhaps attributed largely to modifier complexes by which species differ. How ever, consistent reduction in the mean chiasma frequency at diakinesis and M I in several of the species hybrids reported earlier may suggest a signifi cant role of small structural differences detectable only at pachytene stage. The presence of small structural differences have been recorded in some hybrids reported by Magoon and Shambulingappa (1962 a and b) , and the presence of such small structural differences in a few hybrids in the present study provide again direct evidence for the latter view.
It, therefore, be comes necessary to look for a sensitive tool to detect minor structural diffe rences, if any, between the chromosomes in the species. The critical analysis of pachytene chromosomes for the pairing behaviour in the hybrids nucleus would appear to be the appropriate tool and is of immense value for such analysis. In the genus Sorghum, while there appears to be a good correlation in some interspecific hybrids between the extent of structural differences present in the chromosomes and the percentage of pollen fertility found in them, no such correlation was observed in some other hybrids (Shambulingappa 1962 and Magoon and Shambulingappa (unpublished) ).
This apparently indicates qualitative differences in structural hybridity and hence it may be likely that the structural differences present in different species may differ both qualitatively as well as quantitatively.
Since in most of the hybrids under consideration, no such correlation between the extent of structural difference present in the chromosomes and pollen fertility is noted, it probably indi cates that the structural differences observed in these hybrids are probably not as important qualitatively to affect the viability of gametes.
Interspecific hybrids have been successfully produced and investigated to provide information of cytogenetic and phylogenetic value of possible use in the improvement of Sorghum by hybridization. The results obtained in the present investigation and also reported earlier (Magoon and Shambulingappa 1962 a, b and c) and some unpublished work (Shambulingappa 1962 ) do suggest the possibility of transferring valuable germ plasm from both wild as well as cultivated species into the commercial variety since a majority of the present species of Eu-sorghum do not appear to be separated by any serious barrier to gene-exchange. Considering the internal mechanisms responsible for speciation in this group of plants, it appears likely that gene mutations or gene substitution, ' cryptic' structural differences, small, though cytologically detectable, poly ploidy and probably cytoplasmic differentiation seem to have played a signifi cant role. The part played by the gross structural changes, if any, cannot be very significant. The striking fact, that emerges from a consideration of the crossability relationship of Eu-sorghum is that while most of the internal isolating mechanisms mentioned above are present, barriers to cros sability between the species appear to be rather feebly developed. This becomes more apparent when we compare the situation prevailing in the section Para-sorghum of this genus, where they appear to be very strongly developed. From the point of view of the systematic taxonomist whether species distinctions are attributed to multiple gene substitution or to 'cryptic' or small structural differences is only of academic significance but for a geneticist it is an issue of prime importance.
For, upon it depends the degree to which a breeder can hope to transfer a character of potential economic value from one species to another. If species differences are mainly due to multiple gene substitution, the problem is chiefly a matter of growing pro genies large enough to secure the required combination.
Whereas the success with which a breeder can expect to transfer valuable characters from one species to another will be inversely proportional to the frequency of 'cryptic' or small structural differences in his breeding material since the genes within these regions would tend to be passed on to the progeny enbloc (Magoon et al. 1962 ).
Summary
The morphological characters of nine species and six F1 hybrids were compared.
It was found that with respect to characters such as tillering, panicle branching, floret shape, colour of the midrib, stigma and grains, the hybrids were intermediate but for characters such as plant height, leaf length and number of nodes, the hybrids were usually heterotic.
The awned con dition was found to be recessive to awnlessness and the non-staminate con dition of pedicellate florets to staminate condition. Critical analysis of chromosomes at pachytene and later stages of mic rosporogenesis in the seven Eu-sorghum species and six F1 hybrids were made.
Pachytene chromosomes are depicted on the basis of total length, relative length, arm-ratio, amount and distribution of heterochromatin and number and position of chromomeres. The characteristics of each of the ten chromosomes in the haploid complement are described in ten different classes bringing out the similarities and differences among these seven species. Studies on the pairing properties of the differentially stained regions show that synapsis starts from the proximal to the distal and separation of the split chromosomes starts from the distal to the proximal. Pachytene analysis in the four F1 hybrids revealed the presence of some minute, though cytologically detectable, structural differences such as terminal as well as interstitial non-paired regions, small duplication and small terminl deletions and differential segments between the parental species. Pachytene pairing was found to be complete and apparently normal in the remaining two hybrids. Inspite of the existence of these meiotic irregula rities in some hybrids, high percentage of stainable pollen and good seed setting were recorded in all the hybrids under consideration.
The distribution of chiasmata at various stages was studied in both species and species hybrids and the average chiasma frequency did not show any significant deviation from those in the parental species.
It is suggested that the existing chromosomal differences are quite small and do not lead to abnormal behaviour of the hybrids either in respect of morphological characters or in the meiotic process in the F1 generation. Cytogenetical mechanisms underlying species differentiation in the genus are discussed.
